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LIST ~‘RO~ESSINC: SOFTwAnL Frm THE 
LECROY 1821 SEGMEKT MAFAGER INTERFACE 

Tcrv Dorries Carmcnita Mmrc. Ruth Pordes 
Dara ~cqu,eii,on Sofwarr Group’ 

Fermi lisuona! Acceieraro: Laboraror! 
P.O. Box 500. Bnrma. II 60510 

Settinc. the Srene 

The LrCro\ 1621 Se.cment, Manager ir B 
TASTBl!S host interfnce the.1 15 used in 
cxperimentr at Fermilab RI TWO k-vein of the vent, 
data readout.’ *I the inwest lrvei the 18215 me 
employed in fronl-end crates TO rend TDC and ADC 
moduien. In 6orm cases 1821s opemtinp RY this kvei 
read the darn dmctly inro h host, computer: in other 
easer they store the dats in inrermediate buffer 
memories such as the LeCroy 1802 multiple record 
bufier memor? 

it the second level the 1821s me used in the 
(sin&) host FASTBUS crzm at the qxx of tbc data 
readout. Here tile lS2ls me used to read data into 
tile date acquisition computer from the bufler 
memories in which many hundreds of pr~v~auslp 
gathered we”u have been smred. 
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Figure I: Topoiopy of Ezpcrimcnts LGing I*% 

The Data Acquisirion Sofrmare Group in the 
Compuring Iiepanmen; a; Fermiiah provider support 
e,fmvsr~ far the 1821 m run ox i:irX/\-hfS: J’DP- 
ll!RSX-11M and I’DF-ll/RT-11 s~siems. The 
sofrwarr bs been d.-veioped in rwo phases~ 

Thr first pimsc provides a paciape 0: low he: 
accesr Tontlneh wil,cb allow the use* LO mmedtar~ei~ 

execute any one of man!’ 1821 sorcifir lunctiom The 
second phase. which m oni! nvaiinbir an RSX-11M 
and VMS nyst,ems. provider for tbr defmition and 
exe~utmn ol lists OF 1821 apcrarions. B? execurin~ hsts 
or 1821 operaiions man> 1821 fuxctnons chn iw 
performed II, a smzir I/O reques: m th? deriw driver 
thus siknificantiy reducing the sotrwarr ovcrhends 
~~ssoc~~red with the UPP oi tbr 1821. Tbir pnper x.ill 
cor,ceilr~ar~ on thr list processor implemenra%ions. 
Since the iow lcvei rourinr package is used h] 
~C~CTHI usei level proprams, it will br briefi: 
d,scuesed. 

C”n”ectior LP tnc 1821s 

A LeCroy 1821 Segment ManaFer can he 
conrrolled hy a has: cornpurer throu@ one of TWO 
connection patns The LeCroy 2891 lnrerfacr Moduie is 
used to interface the 1821 io CAMAC aliowing the 
host computer aeeesr w the 1621 thrau~h CAMAC. 
~lrernateiy the 1821 can be connecred to a Ur;;B”S 
OT QBUS through a DRll-W DMA interface,’ In 
the iatter case. if several 1821s arc chained ropethe;, 
at least one 1821 in the chain muet be connected 
through the auxiliary port to the DRII-W using a 
LeCray 1821/DEC interface card. Other 1821’~ ma! 
be chained TO this prima=?, either through 
connections 10 their front panel or, with B slipht 
modification ai the srandard 1821jDEC csrd_ through 
B private 1821/DEC connecwd LO then auxili?p port. 

Note that for a host computer with a UNIBUS 
connection. the 1821 ma?- be connected usinji B DEC 
DRll-W. M’ben the connection is to B QBUS. the 
DEC DRVll-Vs’ irs .been found not m work [This is 
hecause the ,821,DEC re,i~. or, thy c,O rrrobo 7.0 
jniWrm irr operations. and the DEC DIll’ll-W does 
not provide this eirobe to the n~ler dcvicc.) Tile 
MDB Sysrems MLSi-DRli-M’ interface, bowever. does 
work.3 

Lw Level 182: Ames: Rourin+= ant Sunnor- ?mr?am~ 

The iow level ACCUSE routines ne 2 Fortran 
routinf package Ca; proride a user mreriacr to the 
1821. The paciapv conrains routines ior reading and 
writing 1821 host I/O registers. downloading nnd 
execuring 1821 microcode programs. don*nmading 
pedesrais, and reading out tire 1821’s inrernal memav. 

Two drqnorric rook. one wnich tests the internal 
inregrny and iuncrions of an 1821. and one wbicb 
provider an inrerprerive enrironmenr for t u*er to 
specify 1821 operamom to “E periormed,r have been 
deveioped based on the iow iwel rouri~s.~,” 

C~vcrvir”: 0’ the ii=- Procersor~ 

For h meIs pro&Tram zo acce51 the 1831 tnc 
host’s opcranng .s?rsrcm rn”Sl piarr a,> I,/0 request 10 
the 1821 drv~cc drxvcr~ Tbc mime required ior rile 
SV6&aL Z” Issue sue,; a reauesl It OE Glnr mdcr 0: 2 LO 
4 miiiisecands, Severer; 1SZi functions musi ‘bc done 

il,l~rawli n:. *,a< ;li~. mc.. uuae.- con~raci wth C,,. 1.5 DOE, 



for t),r 18?1 to perform any useful funrt,ion. For 
examp~c. using thr 1821 microrodr provided hy 
L&,“,; ml operariari w Ed a FASTBI!S dm word 
(if it .j+ to follow thr FASTBUS Specification OF a*> 
“,,e*ati”rl) will rquirr hrrween 4 and 6 *“nrl,“ns 
pp,fo,mad or, or hy ‘ix 1821. Clearly thr sofrwarr 
overhead irnpowd hy accessing thv 1821 on a per 
function basis is too *est*ictiw irr a *eal tnnr data 
acqu’sltlon c”v!*“nrnent. 

in order to minimize th* number of I/O requ~sta 
kwd by the ryssem. list, process,nfi d*ive*s havr been 
developed. Such drivers exist for tbr RSX-llhl and 
\‘MS s~rrems for 182,s connected through a DRll-M’ 
LO ‘hc host. Thear drivers allow the uec* to perform B 
list oi 1821 and FASTBUS operations througir a singlr 
I/O request. Thr driverr car h significant extension to 
the original drivers provided *by LeCroy (VMS) and 
Ohio State University (RS)o.G” 

in addition to the devicr drivers, the iow Jwel 
Fortran wcess routines havr been extended to allow 
building, executing. saving and interrogating the lists 
and the results of thei* execution. 

List Structure 

The list ~t*ucto*e developed consists of fixed 
len@h 8 byte list elements. Each list element 
specifies an 1821 cont*ol operation, DMA readout of 
the 1821 datn memory. microcode execution, or R 
control or arithmetic function. The list st*uctu*e is 
designed’to ease the late* impleqenration of the 
srRnda*d routines for DASTBW for the 1821. 
The Iis?. element st*nctu*~ is compatiblr with tht so 
called “F-Codr” format, defined 
FASTBUS lists.g 

by CElli for 
The available list, element opcodes 

provide enough flexibility and functiona1it.y that B 
whole data acquisition read-out can be specified by a 
sin& o* at the mOst tW0, lists. 

The list st*~ctu*e allows for: 

o definition of control parameters to vary the 
options and p’~*~mere*~. nsrocinted wit,b ~~rca%ion 
of each list eiement. 

o read/write of individual 1821 l/O reeisrers; 

o execution of 1821 microcode routines with and 
without data from the host compute*, 

o rendout of the 1821 data memory witbin the 
list. 

o 3 internal variables for manipulation within the 
lisi. 

o arithmetic and logical functions to be performed 
on the data read or writren, the ~tmu returned 
by the 1821. o* the internal variabies, 

o immediate o* conditional branching within n list, 

o execution OF DO loops within the list, 

o 16 or 3%bit mode datn manipulation, 

o scparatc read und nritr datv buficrs: 

o w~urn of ~tazus informarion from the execution 
of thr list. 

‘1 *?‘“**l of srarui from tnc cxwuti”” of ezicl, 
operation within a hsi. 

o inclusion of an ‘Even: Hrndrr‘ in the data 
huflrr (for the \‘h45 ~mplern~nfar~m a+). 

Thr following timinyr hrlvf. heen measured for the 
t,wo list processing drivers. A T’AX/7RO computer was 
used for thP I’M!: riming ,PSXP a,,,1 tit? RSX frsts 
were run on a PDF11/45. Thv null list times 
represent the time required for t.br we*‘? p*o*ess to 
invoke thr dev~r driver. thr driver softwarr ttr do the 
setup necessary for list exe’cutio~~. and for the driver 
to return control to the use*‘+ process: that is. thr 
one time ovcrhesd per Iis1 execution Thr overhead 
per list, element varw saEnificantiy with thr acfual 
operation being performed. Thr total ove*beRd lo* 2% 
particular list is the *um of tlrv per list, eiemcnt 
overheads for each liar element within tbr list and the 
null list overbead. 

PiuII list,: 

Overhead per list 
&~~~t: 

\‘hlS RSX 

6.7 Mrec 4.1 Msec 

16G36” “set 4ocL*50 “BCC 

Overhead for sin& 
operation usmg non- 4 Msec 2 MEW 
iis processing 
device driver: 

lirer Subroutinr Lib*R*v 

The Fortran auhroutine library provided aI,owr a 
user program to dynamically build and execore lists. 
Subror~t,mcr are avmilahir 1.0 wmsfrnct list elrrncnfs, 
execute, save or resmre a list. change options and 
parameters associared with list execution. and 
interrogate thr status and data returned from 
execuiion of the list.” 

Lim Gcncration an? Execution Toois 

Pra~ramr have been developed for both RSX-11h4 
and VMS systems zo provide intc*act,ivr feat.u*es for 
performing list operations through the 1821. Tb.SP 
programs alioa thr user to interactively define. edit 
and execute thr 1821 lists. Thr programs can either 
create lists dynamically or read in “sou*ce codr” list 
files (ASCII text, files containing list eiement 
definitiona). Once a iis\ has been crcared o* read in 
from a disk file it is compiied into an executable 
form The compiled lists c&n then be executed and/o* 
saved on disk for later execution. If ‘he ore* ci~ooaes 
to execute the list then the prommns car. hr used to 
inrerrogacr the resulrs both data and starus 
info*mar*on.“‘” 
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Data *rqaisirior; Applications 

F,xecution of 1821 Iists on receipt, of an went 
interrupt has been incorporated into the 
Fermila& standard RSX-11M data acquisition 
pron-ram and 15 m me at two experiments. Data 
acquisition through the T’MS 1821 list 
processing driver has beey4 incorporated into the 
VAXONLINE Event Builder, and will be used m a 
fixed tarpet experiment during the upcoming run. It is 
interesting to note that this I& experiment, uses a list 
of some 100 operations to provide sophisticated control 
of which moduies shonld be read out, and what 1821 
microcadr routines are to be executed. 

In hoth data acquisition systems, the I821 lists 
are constructed ‘offlinr‘ using the Iist generation tools. 
They may be executed ior test purposes using~ these 
toois, and then saved on disk for later executmn by 
the data acquisition progmrns themselves. 

Many fixed tareet experiments &I Fermiiab non 
include mmc FASTBUE electronics in their data 
readout. Tn* sofrware reported in thir paper, provides 
genera1 suppar: for tbr LeCroy ISZl intcriace. The iisr 
processing device drivers irllow FASTBUS data to be 
read out efflcient,Iy into the Fermilah Computing 
Department supported data acqumtron systems. 
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